Closing-in behavior (CIB) is observed in copying tasks (graphic or gestural) when the copy is performed near or on the top of the model. This symptom has been classically considered to be a manifestation of constructional apraxia and is often associated with a visuospatial impairment. More recent work emphasizes the attentional and/or executive nature of the behavior and its association with frontal lobe dysfunction. We describe three patients in whom CIB was associated with posterior parietal deficits of different etiologies (stroke in Patient 1 and dementia in Patients 2 and 3). In copying figures, Patient 1 produced the shape with high accuracy but the rendering overlapped the model, while for Patients 2 and 3 the copies were distorted but overlapping or in close proximity to the target. In gesture imitation, Patient 2 performed the gestures toward the examiner's space, while Patient 1 showed a peculiar form of CIB: when he was asked to place the ipsilesional arm in a position that mirrored the contralesional hand, Patient 1 moved his hand toward his contralesional hand. Patient 3 did not present gestural CIB. While CIB in Patient 1 was associated with selective deficits in executive functions and attention, additional visuospatial deficits were observed in Patients 2 and 3. The latter two patients showed a general visuoconstructional deficit. These case studies support a primary attentional account of CIB but also suggest that visuoconstructional impairments may contribute to the emergence of CIB, in some subjects. This evidence argues for different types of CIB with different cognitive and neural underpinnings. Furthermore, the data support the hypothesis of a differential involvement of fronto-parietal network in CIB.
INTRODUCTION
Neuropsychological examination of constructional abilities encompasses copy drawing, drawing from memory, and three-dimensional constructions. When testing constructional abilities in patients suffering from different diseases (e.g., dementia, stroke, encephalitis, Parkinson disease, and corticobasal degeneration), clinicians occasionally observe a peculiar behavior in graphic copying, known as closing-in behavior (CIB) (Ambron and Della Sala, 2017) . Patients with CIB place the copy abnormally close to the model (Near CIB) or overlap the copy with the model (Overlap CIB) (Ambron and Della Sala, 2017) . This tendency is often associated with poor accuracy of the copy reproduction, leading to the interpretation of CIB as an aspect of constructional apraxia (Critchley, 1953) .
However, CIB is not only observed in graphic copying, but it has also been noted in writing (Stengel, 1944; Suzuki et al., 2003) and gesture imitation (Kwon et al., 2002; McIntosh et al., 2008) . In writing, CIB has been manifested as a tendency to superimpose writing upon previously written letters (Stengel, 1944) , to anchor the writing to visible marks on the paper (Mayer Gross, 1935) , or in copying kanji characters (Suzuki et al., 2003) . Several authors have described CIB in gesture imitation (Mayer Gross, 1935; De Ajuriaguerra et al., 1949; Kwon et al., 2002; McIntosh et al., 2008) . Kwon et al. (2002) described the case of a patient with corticobasal degeneration who exhibited severe ideomotor apraxia. When asked to imitate meaningless gestures presented by the examiner, this patient showed the tendency to approach, to touch and overlap his hand with the examiner's hand. A similar tendency was noted also in a patient suffering from Alzheimer's disease (AD) (McIntosh et al., 2008) , who showed CIB in both graphic copying and imitation of gestures. In this patient, the presence of CIB co-occurred with the presence of both limb and constructional apraxia.
The cognitive and neuroanatomical bases of CIB are still a matter of debate. There are two major, competing interpretations of CIB (Ambron and Della Sala, 2017; Ambron et al., 2018a) . The "compensation" hypothesis links CIB to visuoconstructional, visuospatial and working memory deficits, so that patients have difficulty in the visuospatial analysis of the model and/or in holding this representation in visual working memory. In contrast, the "attraction" account provides CIB an independent status from constructional deficits and considers CIB to be an extreme manifestation of a default tendency of the motor system, so that the actions would be performed toward the focus of attention. Further specification of this interpretation proposes that CIB would represent a primitive coupling between attention and action released by a decrease of attention and/or executive resources (McIntosh et al., 2008; Ambron et al., 2018a,b) . The accounts make different predictions regarding the anatomic bases of CIB. As the compensation account postulates an association between CIB and visuocontructional and working memory impairments, it predicts an association between CIB and involvement of posterior brain areas including the parietal lobe. On the contrary, the attraction account proposes that CIB is a consequence of a deficit in attention and/or executive resources and consequently implicates frontal lobe dysfunction (Kwon et al., 2002; Lepore et al., 2005) .
Both accounts have received some support from single case and correlational studies. In single case descriptions, CIB has been reported in association with visuospatial and/or memory deficits, as well as with executive and attentional deficits (see Ambron and Della Sala, 2017 for a review). Most commonly, CIB has been reported in association with severe constructional deficits (Ambron and Della Sala, 2017) , but it was noted with mild constructional deficits in patients suffering from corticobasal degeneration (Conson et al., 2009 ) and right fronto-temporal stroke (Conson et al., 2016) .
Correlational studies have focused on identifying the difference in cognitive performance between patients with or without CIB or on specifying the best predictor of the phenomenon. Cohort studies in patients with AD (Ambron et al., 2009b; De Lucia et al., 2013) showed a preferential association between the presence of CIB and attentional/executive and visuo-contructional impairment; whereas visuospatial or memory deficits did not account for the presence of CIB in these samples. Similarly, a study exploring CIB in patients with mild cognitive impairment (MCI) showed that the phenomenon is more common in multidomain than amnestic MCI and that the decrease in executive functions (measured with the Frontal Assessment Battery) rather than memory or visuoconstructional abilities, distinguished between patients with and without CIB. These results were replicated in patients with Parkinson's disease , in whom impairment in executive functions, but no other cognitive or motor impairments, predicted the presence of CIB. Finally, a cohort study (Ambron et al., 2009a) has shown that CIB is as common in AD as in FTD, but it presents different characteristics in these two populations. CIB in FTD is not influenced by the visuo-spatial demand of the copying task, whereas in AD the frequency of CIB increased with the complexity of the task, suggesting a possible additional role of visuospatial abilities in the appearance of CIB in this population. A different study in subjects with AD supported the compensation hypothesis (Serra et al., 2010) . Indeed, Serra et al. (2010) found patients with CIB to be more impaired in visuospatial tasks than patients without CIB, while similar performance in executive tasks and frequency of frontal lobe associated-symptoms, were observed between the two groups.
Regarding the neuroanatomical bases of CIB, findings are also controversial. In single cases, CIB has been reported in patients suffering from damage to posterior parietal lobe (Critchley, 1953; Suzuki et al., 2003) and parietal-temporal areas (Kwon et al., 2002) as well as subjects with frontal (Lepore et al., 2005) or fronto-temporal regions (Conson et al., 2016) . At the group level, studies have focused on inferring the neuroanatomical bases of CIB based on the frequency of CIB in different clinical groups. CIB is more common in patients suffering from dementia than in focal brain damage (Gainotti, 1972) . CIB has been reported in AD (Ambron et al., 2009b; De Lucia et al., 2013 , 2014 , FTD, and vascular dementia (Ambron et al., 2009a; De Lucia et al., 2014; Grossi et al., 2015) . The preferential association between CIB and dementia, and the observation that CIB is as frequent in AD as FTD when patients are matched for dementia severity (Ambron et al., 2009a) , suggests that CIB may appear as a consequence of lesions in different brain areas (Ambron and Della Sala, 2017) . A direct investigation of the neuroanatomical bases of CIB has been carried out only in one group study with patients with AD and matched controls (Kwon et al., 2015) . Using, voxel-based morphometry (VBM), the results of this study showed that decrease of the distance between the model and copy was associated with a reduction of gray matter volume in the orbitofrontal cortex. Based on these data, one may suggest that CIB reflects disruption in the fronto-parietal network.
The investigation of CIB has benefited greatly from single case investigations. Our present study is in this tradition. We describe three patients who exhibit different forms of CIB. In one patient with stroke, CIB appeared independent of constructional and severe visuospatial and memory deficits; in two patients with dementia, in contrast, CIB was associated with profound deficits in visuo-constructional abilities, praxis and dressing. Imaging data showed abnormalities in parietal areas in all three patients, but further analyses in patients with dementia showed alterations in the connections between fronto-parietal regions. These cases are discussed with reference to the theoretical accounts of CIB and provide important evidence regarding the nature and anatomical bases of CIB.
MATERIALS AND METHODS
Three single cases were examined by different clinicians at different hospitals and therefore underwent different cognitive assessment. Imaging data were acquired for clinical purposes. Patient 1 underwent Computed Tomography (CT), while Patients 2 and 3 underwent structural magnetic resonance imaging (MRI) and functional MRI (fMRI). This study was approved by the Regional Ethics Committee of Friuli-Venezia Giulia (Italy) at the "Ente per la Gestione Accentrata dei Servizi Condivisi (E.G.A.S.)" (Udine, Italy) and participants signed an informed consent prior the cognitive and imaging testing.
Procedure
Patients underwent different constructional tasks, but the same scoring criteria were applied to identify the presence of CIB and constructional deficits. Specifically, we scored the presence of Overlap CIB, when the copy touched or overlapped the model; Near CIB was identified when the copy was ≤10 mm from the model. Constructional abilities for each copied figure were rated using a score from 0 to 2, with 0 indicating poor accuracy of the copy (the copy was unrecognizable); 1 indicating moderate accuracy (the copy is partially recognizable, as some elementals are missing or spatially misplaced); 2 indicating good accuracy (the copy is recognizable and well reproduced).
Cases Description

Patient 1
Patient 1 was a late-middle-aged patient who suffered from a hemorrhagic stroke in the right posterior parietal lobe. After 1 month from the accident, this patient was admitted to the Rehabilitation ward of Ospedale Riuniti (Trieste), where s/he underwent a neuropsychological evaluation and an intensive rehabilitation program for left hemiparesis.
General neuropsychological assessment
During the neuropsychological evaluation, Patient 1 showed temporal disorientation, as s/he was unable to provide the date and time of the evaluation, but preserved personal and spatial orientation.
Language abilities (both comprehension and production) were preserved, but the contents of his/her communication were often vague and confused. Cognitive examination confirmed this observation, as Patient 1 performed within the normal limits in the language tasks (see Table 1 ). Importantly, Patient 1 showed preserved visuospatial and working memory abilities (both verbal and visuospatial). S/he showed inconsistent performance when asked to recall items from long-term memory (i.e., his/her performance was below the normal range in one test and within the normal range in the other). The core cognitive alterations in Patient 1 were observed in attention and executive tasks. When tested for cognitive flexibility and the ability to change cognitive strategies depending on the task requirement (Weigl's and Wisconsin Sorting card test), Patient 1 showed difficulty in disengaging attention from his/her current cognitive set to shift toward a new cognitive strategy. Significant impairment was also observed in the ability to shift attention across visual stimuli, as measured by the Trail Making Test. Patient 1 did not exhibit neglect on line bisection or letter cancellation tasks (see Table 1 ). S/he showed marked difficulties in exploring and identifying stimuli randomly distributed in space (Star Cancellation Test). S/he rescanned the same portion of space showing perseverations, but his/her performance was consistent across hemispaces, suggesting a difficulty disengaging and shifting attention to a new target. Personal neglect was clinically tested in the acute phase but not observed. It was not noted during the time of the neuropsychological assessment and neither during the period of rehabilitation.
Assessment of CIB
When tested for constructional apraxia, this patient was able to reproduce the model accurately, but his/her reproduction touched and overlapped the model to be copied. S/he was asked to copy the following visual stimuli: a square, a diamond, a star, a lateral extended geometrical shape, a complex triangular shape, a house, two cubes, and Luria's figure. S/he was also asked to copy complex figures including one with a big rectangular triangle-triangle-diamond-small isosceles triangle and another containing a small square, big circle and big isosceles triangle. CIB was noted in seven copying tasks: Overlap CIB was observed in four tasks (cubes, house, diamond), while Near CIB was noted in the square, the Greek and in Luria's figure. In line with previous observations of CIB in Luria's figure (Luria, 1966) , Patient 1's line drawing veered progressively toward the model. Interestingly, Patient 1's copy of the figures was accurate; there was no constructional apraxia (see Figure 1 ). In copying a house, this patient anchored his lines drawing to the original model, so that it appeared to be shifted toward the right side of the paper (see Figure 1 ). If this performance reminds of the one observed in patients' with neglect, the presence of visuospatial neglect was not noted in neuropsychological assessment and could not account for Patient 1's performance in this line drawing task, which rather reflected the presence of CIB. The only errors were an omission in the complex triangular shape, and the omission of an edge of a cube due to the presence of CIB (see Figure 2) . Drawing from memory was also preserved as shown from the performance within the normal range in a clock drawing from memory task (score 8.5; test range 0-10, cut off < 3) (Mondini et al., 2003) . Verbal fluency (Carlesimo et al., 1996) 20 (24.7) 13 (20.7) 3 (11.6) * <17.35
Semantic fluency (Novelli et al., 1986) 32 (38) 
Memory
Prose memory (Novelli et al., 1986) 8.5 (11.5) ≤7.5; 0-28 Short story (Spinnler and Tognoni, 1987) 3.3 (3.55) * N.E. 6.5 (7) * <4.50; 1-16
Rey's words (Carlesimo et al., 1996) : immediate recall 10 (16.1) * N.E. <28.5; 0-75
Rey's words (Carlesimo et al., 1996) : differed recall 1 * ≤4.6; 0-15 Visuo-perceptual Visual search task (Spinnler and Tognoni, 1987) 44 (45) Ideomotor apraxia (Spinnler and Tognoni, 1987) 12 * 0-20 cut-off: ≤16
Ideational apraxia (De Renzi and Lucchelli, 1988) 4 * 0-10 Gesture imitation (De Renzi et al., 1980) 59 * 42 * 0-72
Face recognition
Facial recognition test (Benton et al., 1983) 9 (25) * § Cut offs are defined as above or below a certain score depending on the specific test. N.E., not executable because the patient does not follow the roles. * Performance below the normal range. During motor rehabilitation, the physiotherapist noted a peculiar tendency of this patient to move toward attended stimuli. During upper limb rehabilitation, the therapist moved the paretic limb in a specific position on the table and asked the patient to move the right ipsilesional hand in a position that mirrored the contralesional hand. When blindfolded, Patient 1 was unable to do so and moved his/her hand toward the contralesional hand and positioned the ipsilesional hand very close to the contralesional hand (cf, McIntosh et al., 2008) . To the best of our knowledge, this represents the first observation of CIB toward the patient's own body part; gestural CIB was not assessed.
Patient 2
Patient 2 was a late-middle-aged patient who received a diagnosis of dementia 1 year before the assessment reported here. At the time of the assessment, this patient presented with delusional jealousy and repetitive formed visual hallucinations. S/he tended to get lost in familiar places and his/her partner reported episodes of misrecognition of his/her home. Patient 2's daily life was highly compromised and s/he relied on the partner for most indoor and outdoor activities. On examination, Patient 2 showed good language skills, however, the structure of his/her communication was chaotic and hard to follow. S/he was cooperative, but with difficulty in sustaining attention. S/he presented masked facies, rapid mood changes, and profound anosognosia for his/her deficits.
General neuropsychological assessment
Neuropsychological examination revealed a global deterioration, as shown by low performance in Addenbrooke's Cognitive Examination, the Mini Mental State Exam and other cognitive measures (see Table 1 ). Patient 2 did not show optic ataxia or neglect. Patient 2 was presented with 16 Navon stimuli comprised of small letters in the shape of a large letter. S/he was unable to name the global shape but named the local shape on 14/16 trials; she produced visual errors apparently involving the small letter on two trials.
Patient 2 showed profound constructional, limb and dressing apraxias. She was impaired in imitation of meaningless and meaningful gestures, and was unable to demonstrate the use of an object even when permitted to hold it. She was unable to dress herself; s/he was not able to put on gloves and showed additional difficulties in recognizing left and right gloves. She was unable to determine if she or the examiner were wearing clothes correctly. Although she could name doll's clothing items (albeit imperfectly) and describe the manner in which a doll should be dressed, she was unable to dress the doll.
Assessment of CIB
Patient 2 was asked to copy 4 figures (square, two overlapped squares, a cube, and Luria's figure); s/he showed poor accuracy in the copy of all the figures (2/8). CIB was not observed when copying the easier shapes but Overlap CIB emerged in copying the cube (see Figure 1) . Gestural CIB was also tested asking Patient 2 to imitate the examiner gesture (fist or "V" hand shape) in a specific working space, while the examiner performed the gesture at the right or left side of the patient (McIntosh et al., 2008) . Division lines delimited the patient's working space and in two occasions Patient 2 performed the gesture on the division line, while in one s/he crossed the division line and performed the gesture in the examiner working space (near CIB) (see Figure 3) . Drawing from memory was also impaired (1/5 in the clock drawing of the Addenbrooke's Cognitive Examination).
Patient 3
Patient 3 was an elderly retired architect with a history of slowly progressive dementia.
General neuropsychological assessment
At the time of testing s/he had a moderate impairment, scoring 17/30 on the MMSE; s/he was able to take walks alone in her immediate neighborhood but required assistance with personal hygiene. On examination, s/he had marked difficulties in sustaining attention but was aware of her/his difficulties and showed frustration. S/he showed impaired performance in most cognitive tasks presented during the neuropsychological examination (see Table 1 ), suggesting that deficits encompassed multiple cognitive domains.
Patient 3 performed poorly (2/8) when asked to copy the same figures presented to Patient 2 (square, two overlapped squares, a cube, and Luria's Figure) . Near CIB was observed in copying the square and Luria's Figure, while overlap CIB was observed in copying the overlapped squares and the cube (see Figure 2) . The presence of constructional apraxia was also confirmed from the low score in immediate copy (score of 11/36) and delayed production (score of 3/36) of Rey's Figure (Caffarra et al., 2002) and the clock drawing task of the Addenbrooke's Cognitive Examination (score of 0/5). As Patient 2, Patient 3 was also tested for the presence of CIB in gesture imitation and although s/he was not able to copy gestures accurately but s/he did not show CIB.
Assessment of CIB
Patient 3's neuropsychological examination revealed a similar cognitive profile as Patient 2, with a global cognitive impairment that affected visuospatial, memory, attention, and executive functions. In addition, the language impairment was profound, involving both production and comprehension. Like Patient 2, Patient 3 showed difficulties recognizing and naming different items of clothing (score of 21/43) and reported dressing apraxia. S/he did not show neglect but had difficulty reaching to nonfoveated targets. When shown Navon figures, s/he named the local figure first but with additional prompting named the global figure on 10/16 trials.
Brain Analyses
Lesion Mapping
Patient 1 underwent a CT scan in the acute stage 1 month before neuropsychological examination. For every slice, an expert neuroradiologist traced the Volume-of-Interest (VOI) using MRIcron 1 ; the lesion and scan were then normalized to MNI space using statistical parametric mapping (SPM12) software 2 .
Structural and Functional Magnetic Resonance Imaging Analyses
For Patient 2 and Patient 3, both structural and resting fMRI data were collected. Structural T1-weighted images were acquired with the following parameters: flip angle = 12 • , TR/TE = 8.1/3.7 ms, number of slices = 170, and voxel size = 1 mm × 1 mm × 1 mm. The imaging protocol also included the acquisition of an echo-planar imaging sequence with flip angle = 90 • , TR/TE = 2500/35 ms, number of slices = 36, voxel size = 3.5 mm × 3.5 mm × 3 mm, number of volumes = 200. Imaging data were also collected for 20 controls (13 women; age M = 70.2; SD = 4.2; education M = 11.5; SD = 3.2) with a Mini Mental State Examination within the normal range (scores > 25), without any history of severe neurological and psychological disorders, and without CIB in the graphic copying tasks. Structural MRI scans were pre-processed using the computational anatomy toolbox (cat12 3 ) of SPM12. Images were segmented into gray matter, white matter and CSF, and subsequently were normalized to Montreal Neurological Institute (MNI) space. Finally, images were smoothed with a full-width half maximum (FWHM) kernel of 8 mm. Healthy controls pre-processed images were used to compute a mean and a standard deviation image, in order to transform patients' images (Patients 2 and 3) into z-scores maps. Z-scores maps thresholds were set below −3.
Resting state fMRI was acquired with 3 Tesla MRI (Philips Medical Systems Achieva). fMRI scans were pre-processed and analyzed using conn 4 (Whitfield-Gabrieli and NietoCastanon, 2012). Pre-processing included slice-time correction, realignment, normalization (MNI space) and smoothing with an 8 mm FWHM kernel. Moreover, images were de-noised (white matter, CSF, and movement parameters) and first-level connectivity analyses were performed correlating fluctuations over time in BOLD-related activity between specific atlas-based (Tzourio-Mazoyer et al., 2002) regions-of-interests (ROI). As we were specifically interested in parietal and frontal regions, we included 6 ROIs: left and right superior frontal gyri (SFG), anterior supramarginal gyri (SMG) and inferior lateral occipital cortices (LOC). To compare correlations in the activity patterns in resting state data for Patients 2 and 3 to control group data we used the method of Crawford and Garthwaite (2002) with one-tailed p-values.
RESULTS
Lesion Mapping
Patient 1 exhibited a large (29,168 mm 3 ) lesion in the right parietal lobe (lateral, superior, and inferior), which extended toward the paracentral and precentral gyrus.
VBM and Resting State Analyses
The VBM analysis in Patient 2 demonstrated reduced gray matter volume in most the right fusiform and, inferior and middle temporal areas of the right hemisphere. Atrophy was also observed in the left inferior frontal, right parietal (both superior and inferior), and lateral occipital areas. Similar patterns of brain atrophy were also observed in Patient 3. In this patient, major GM volume reduction with respect to controls was observed in the right inferior temporal and in both right and left middle temporal gyri. GM changes encompassed superior parietal lobe, middle occipital and fusiform areas of the right hemisphere. Lesions extended also to right anterior cingulate cortex.
In Patients 2 and 3 we found reduced correlations between right superior frontal gyrus and the anterior portion of the right and left SMG, and right and left LOC (all ps < 0.05, except for Patient 2: correlation between right superior frontal gyrus and right LOC p = 0.059); the correlation between left and right SFG was not different than healthy controls (p > 0.05) (see Tables 2, 3 The table reports the difference in the correlation between different ROIs, with respect to the healthy control group. * p < 0.05, * * p < 0.01, * * * p < 0.001,ˆp = 0.059. The table reports the difference in the correlation between different ROIs, with respect to the healthy control group. * p < 0.05, * * p < 0.01, * * * p < 0.001,ˆp = 0.07. (marginally significant: p = 0.07) in Patient 3, and were also found. All the other comparisons did not reach the significance level (all ps > 0.05).
Comparison Across Patients
The lesions maps of the three patients with CIB are shown Figure 4 . Areas of overlaps across the three patients can be noted in the right inferior and superior parietal cortex. In addition, minor points of lesions overlap were also observed in right supplementary motor and superior frontal areas. Additional similarities were observed in the GM reduction of Patient 2 and 3, effecting in particular the right inferior temporal area and the middle temporal gyrus bilaterally, left inferior frontal, and middle occipital area.
DISCUSSION
Three case studies of patients with CIB are presented: one suffering from stroke (Patient 1) and two from dementia (Patients 2 and 3). All three patients showed clear CIB (Overlap CIB) as their copies of figures often overlapped the model space. The patients differed in other, important respects, however. Patients 2 and 3 were unable to copy figures reliably, whereas Patient 1 performed adequately on this task. The association between CIB and constructional apraxia has often been observed, particularly when testing patients with dementia, leading some to suggest that CIB is a direct manifestation of constructional apraxia (Critchley, 1953 ; see also Ambron and Della Sala, 2017 for a review). This account, however, has been questioned in the past (McIntosh et al., 2008; Ambron et al., 2009b Ambron et al., , 2012 Conson et al., 2009 ); data from Patient 1 further undermines the argument that CIB and constructional apraxia share a common basis and provides strong evidence that CIB can be observed as an independent phenomenon (see also Ambron et al., 2009b; Ambron and Della Sala, 2017) . The co-occurrence of CIB and constructional apraxia demonstrated by Patients 2 and 3 is common in patients with dementia, in whom the frequency and severity of both CIB and constructional deficits increases with the severity of dementia (Ambron et al., 2009a) . As both Patients 2 and 3 were in moderate dementia stage, the co-occurrence of CIB and constructional apraxia in these patients is not surprising. Interestingly, in addition to constructional apraxia, both patients showed limb and dressing apraxia. These data suggest that these patients had a profound impairment of construction and action performance affecting both external and personal space.
Closing-in behavior was not observed only in copy drawing, but also in gesture imitation. When asked to imitate meaningless gesture, Patient 2 occasionally performed the gesture in the examiner's action space. This observation supports and extends the single case description of a patient with dementia, who showed CIB in graphic copying and gesture imitation (McIntosh et al., 2008) . Also, Patient 1 showed a peculiar form of CIB: when asked to move the ipsilesional hand in a position that mirrored contralesional hand, s/he moved the ipsilesional hand toward contralesional hand. This represents the first evidence of which we are aware that CIB can occur not only toward external stimuli, but also toward one's own body. As praxis was not tested in this patient, we do not know whether gestural CIB observed in Patient 1 reflected a specific manifestation of CIB toward the patient's own body or the appearance of the phenomenon across a wide range of gesture imitation tasks. On the other hand, alternative interpretations can be proposed to account for this peculiar behavior. Indeed, this patient's brain lesion is compatible with the presence of personal neglect (Committeri et al., 2018) and body representational deficits (Schwoebel and Coslett, 2005) . Personal neglect was not noted during the acute phase or during the neuropsychological assessment but its presence was not systematically tested. However, patients with personal neglect show a different behavior from the one observed in the present case study, in that they tend to neglect the contralesional side of the body, while Patient 1's movements veered toward it. Furthermore, Patient 1 was not tested for alterations of body representation. It is possible that difficulties in identifying the position of his/her own body in space might have influenced the performance of the patients on this task which required proprioceptively guided reaching movements toward his/her own body.
In relation to the cognitive underpinning of CIB, all three patients showed alterations in attention and executive functions. For Patient 1 these represented the core cognitive alterations whereas for Patients 2 and 3 with moderate dementia all cognitive domains were affected. These data support the attraction account of CIB and the hypothesis that CIB may be caused by diminished attentional and executive capacities. More specifically, our data are consistent with the hypothesis that CIB is attributable to a difficulty in shifting attention from the model space and to a different action space (McIntosh et al., 2008; Ambron and Della Sala, 2017) . Indeed, it is possible to speculate that CIB might reflect a specific difficulty in shifting attention from the specific elements of the figure. This interpretation would also account for the strong association between CIB and visuospatial deficits (Serra et al., 2010) , as these deficits could reflect the secondary effect of a difficulty in shifting attention from the site of the model.
It should be noted that a number of aspects of the patients' performance are consistent with those that of patients with the syndrome of "posterior cortical atrophy, " a disorder characterized by profound visuo-spatial deficits that is commonly observed in patients with Alzheimer Disease (Crutch et al., 2012) . We have reported patients with this disorder, for example, who showed profound difficulties in identifying the global shape in Navon figures despite a preserved ability to recognize the local shape (Coslett et al., 1995) . This behavior, as well as an inability to read or identify large words or objects with relatively preserved ability to recognize the same stimuli where presented in a smaller size (see also Saffran et al., 1990) , was attributed to a reduction in the size of the "spotlight of visual attention."
We suggest that impairment in the ability to shift attention, perhaps with an associated reduction in the domain to which attention can be allocated can account for many of the deficits exhibited by our patients. This account, for example, could explain the poor performance of these patients in the Trail Making or Star Cancellation tasks. This interpretation is also in line with the evidence that patients with CIB are more prone to distractor interference than patients without CIB, showing a marked deviation of the movement trajectory toward the focus of attention (Ambron et al., 2018b) . This account further predicts that CIB would be more likely to appear as the size of the shape to be copied increases. Although the latter prediction has never been tested directly, the observation that CIB increases with the complexity of the figure to be copied seems to support this view (Ambron and Della Sala, 2017) . Furthermore, extending the putative deficit in switching attention to other domains could explain several other aspects of the patients' behavior. For example, the finding that gestures are copied in unusually close proximity to the examiner's model is consistent with the hypothesis that attentional restriction affects both perceptual and action systems.
Finally, in this context, it should be noted that the proposal that CIB is related to an impairment in switching attention may also apply to Patient 1. Although we have no direct experimental evidence of such an impairment in this Patient, it is well known that parietal lobe lesions of the type exhibited by this Patient are associated with deficits in switching attention that may be profound (Posner et al., 1984; Hamilton et al., 2010) .
In relation to the neural underpinning of CIB, the lesion overlaps showed a common region of damage in the right inferior and superior parietal lobe. This evidence supports previous reports of an association between CIB and parietal lobe lesions (Kwon et al., 2002; Suzuki et al., 2003) and the interpretation of CIB as a symptom of parietal damage (Critchley, 1953) . Previous work has argued for an association between frontal brain damage and CIB (Kwon et al., 2002; Lepore et al., 2005; De Lucia et al., 2013) . These findings might be reconciled by arguing that CIB is associated with alterations in the fronto-parietal network (Ambron and Della Sala, 2017) . The fMRI data from Patients 2 and 3 support this interpretation. When compared with 20 controls, both patients showed a reduced correlation between the activity of the right superior frontal gyrus and right supramarginal gyrus as well as between the right superior frontal gyrus and right lateral occipital cortex.
The absence of constructional deficits in Patient 1, despite damage in parietal area, is also interesting for the discussion regarding the role of parietal lobe in the emergence of constructional apraxia (Gainotti and Trojano, 2018) . Indeed, the classical interpretation of constructional apraxia as a specific symptom of parietal lobe damage has been recently revised: it has been proposed that the different streams connecting parietal with occipital and frontal lobes may have a prominent role in the different manifestations of constructional apraxia (Gainotti and Trojano, 2018) .
To summarize, the single case descriptions provided in the present study inform the theoretical debate regarding the nature of CIB in several respects. First, the presence of CIB with good constructional skills reinforces the view of CIB as a disorder that may be independent of constructional apraxia. Second, the observation of CIB in imitation of gesture of own hand postures, suggests that this attraction toward the model to be reproduced can occur not only in external space, but also toward one's own body. Third, the evidence that attentional deficits represent an impairment common to all the three patients, despite the difference across patients in CIB manifestations, supports the attraction hypothesis of CIB. However, this observation does not exclude an additional involvement of visuospatial and visuoconstructional deficits in the genesis of CIB in some patients (Serra et al., 2010) . This evidence supports the hypothesis that CIB manifestations may across patients' populations and may present different cognitive and neurological underpinnings (Ambron and Della Sala, 2017) . On this line, imaging analyses point at the importance of parietal structures in the appearance of CIB, but further suggests that the connection between these areas and frontal and occipital region might be crucial in the appearance of CIB. It is possible that changes at distinctive levels of this network might induce different manifestation of CIB. Future studies should further investigate these interpretations.
A limitation of the present study is that as we described single cases observed in clinical practice the patients underwent different cognitive assessments and neuroimaging analyses. Most importantly, both graphic and gestural CIB were assessed using different tasks. For graphic CIB, patients underwent tasks of different complexity that, as previously discussed, might have enhanced the presence of CIB to different degrees. Gestural CIB was systematically investigated only in patients with dementia (Patients 2 and 3), while its presence was not tested in the patient with stroke (Patient 1). This represents an important limitation in the description of the latter case study. Indeed the peculiar behavior consisting in the tendency to move toward his/her own body during rehabilitation was not experimentally tested and definitive conclusions regarding the nature of this behavior cannot be drawn based on the present data. Furthermore, the use of different neuroimaging measures did not permit comparisons across all three patients. Although a common area of overlap in patients' lesions was observed in parietal regions, definitive conclusion regarding the relationship between this area and CIB cannot be drawn. Indeed, lesions of patients with dementia were not limited to the parietal lobe but extended to a large variety of regions including fronto-occipital cortices. Furthermore, as functional connectivity data were not available for Patient 1, the involvement of the fronto-parietal network, beyond the damage of parietal areas, in the emergency of CIB cannot be totally excluded.
Despite these limitations, these single case descriptions represent a good example of how important and informative single case studies can be in particular when describing the peculiar and fascinating neuropsychological syndrome of CIB.
